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(54) Plasma processing apparatus and plasma processing method 

(57) A plasma processing apparatus and a plasma 
processing method are provided. The plasma process- 

ing apparatus and a plasma processing method are FIG. 1 

capable of easily performing precise working of a fine 
pattern to a large sized sample having a diameter of 300 
mm or larger, and also capable of improving a selectivity 
during micro processing. 

A plasma processing apparatus comprising a vac- 
uum processing chamber, a plasma generating means 
including a pair of electrodes, a sample table for mount- 
ing a sample to be processed inside the vacuum 
processing chamber and also serving as one of the 
electrodes, and a evacuating means for evacuating the 
vacuum processing chamber, which further comprises a 
high frequency electric power source for applying an 
electric power of a VHF band from 50 MHz to 200 MHz 
between the pair of electrodes; and a magnetic field 
forming means for forming a static magnetic field or a 
low frequency magnetic field larger than 10 gausses 
and smaller than 1 1 0 gausses in a direction intersecting 
an electric field generated between the pair of elec- 
trodes and the vicinity by the high frequency electric 
power source; therein the magnetic field forming means 
being set so that a portion where a component of the 
magnetic field in a direction along the surface of the 
sample table becomes maximum is brought t a posi- 
tion in the opposit sid of th sample tabl from the 
middle of the both electrodes; an lectron cyclotron res- 
onance region being formed between th both elec- 
trodes by the magnetic field and the fectric field. 
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Th preseminverrfonr^ 
ticularty relates to a plasma processing apparatus and a plasma processus memoa 

in a semiconductor device manufacturing P roc ^ nmcessim soeed in plasma processing are growing 

tionUid-Open No. 2-312231. w^ei*, .,rvW a low Dressure condition is described in Japanese Patent 

Further, a method of increasmg plasma density under a ^^f^° under a low pressure condition of 0.1 

and a San**, S KM on a s»ple Bote b, an «• P-" 

*nt.O«»^ecanb.r™o^b,a^n,a^M^^ 

by several times. R r 11R9 Hi^ioses that it is possible to prevent occur- 
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it is inevitable to decrease the gas pressure. 

However, in the two-frequency exciting method or the M-RIE method described above, it is difficult to stably pro- 
due a plasma having a desired density higher than nearly 5x10 10 cm" 3 under a pressur condition low r than 4 Pa (0.4 
to 4 Pa). F r example, in the two-frequency exciting method described above, even if the plasma exciting frequency is 
5 increased up to a frequency around 50 MHz, the plasma density cannot b increased but, on the contrary, decreased. 
Therefore, it is difficult to produce a plasma having a desired density high r than nearly 5 x 1 0 10 cm" 3 und r a pressur 
condition of 0.4 to 4 Pa. 

Further, in the M-RIE method, the density distribution of a plasma generated by an action of confining electrons by 
Lorerttz force of electrons produced on a surface of a sample must be uniform all over the surface of the sample. How- 
jo ever, there is a disadvantage in that an inclination of the plasma density generally occurs over the surface of the sample 
due to drift of E x B. The inclination of the plasma density formed by the action of confining electrons cannot be cor- 
rected by any method such as diffusion or the like since the inclination occurs near the sheath in the vicinity of the sam- 
ple where intensity of the magnetic field is strong. 

Japanese Patent Application Laid-Open No. 7-2881 95 discloses a method of solving this problem in which it is pos- 

15 sible to obtain a uniform plasma without inclination by arranging magnets so that the magnetic field intensity is weak- 
ened in a direction of electron drift due to the drift of E x B, even when a magnetic field of 200 gausses at maximum is 
applied in parallel to a sample. However, there is a disadvantage in that it is difficult to follow a change in a processing 
condition since a condition for maintaining the plasma uniform is limited to a specified narrow range when the distribu- 
tion of magnetic field intensity is once fixed. In particular, in a case of a large sized sample having a diameter larger than 

20 300 mm, when a distance between the electrodes is as narrow as 20 mm or less, pressure above the central portion of 
the sample becomes higher by 1 0 % or more pressure above the peripheral portion of the sample. In order to avoid the 
pressure difference, in a case where a gap between the sample table and the opposite electrode is set to 30 mm or 
more, the difficulty is likely increased. 

As described above, in the two-frequency exciting method and the M-RIE method, it is difficult to obtain a uniform 

25 plasma density of 5x1 0 10 cm" 3 over the surface of a sample having a diameter of 300 mm or more under a pressure 
condition as low as 0.4 to 4 Pa. Therefore, in the two-frequency exciting method and the M-RIE method, it is difficult to 
manufacture the fine pattern of 0.2 jim or smaller to a wafer having a diameter larger than 300 mm uniformly and 
speedy with a high selectivity of the etching material to the base material. 

On the other hand, a method for substantially increasing a plasma density under a low pressure condition is dis- 

30 dosed in Japanese Patent Application Laid-Open No. 56- 13480 among the prior art described above. However, this 
method has a disadvantage in that in a case where a silicon oxide film or a silicon nitride film is etched using a gas con- 
taining fluorine and carbon, it is difficult to attain a desired selectivity to the base material such as Si or the like since 
dissociation of the gas is excessively progressed and a large amount of fluorine atoms and/or molecules and/or fluorine 
ions are generated. The ICP method using a electromagnetic field induced by an RF power source also has a disad- 

35 vantage in that dissociation of the gas is excessively progressed, as the same as in the ECR method described above. 
Further, the plasma processing apparatus is generally constructed in such that the processing gas is exhausted 
from the peripheral portion of a sample. In such a case, there is a disadvantage in that the plasma density is higher in 
the central portion of the sample and lower in the peripheral portion of the sample, and accordingly uniformity in the 
processing all over the surface of the sample is degraded. In order to eliminate this disadvantage, a ring-shaped bank, 

40 that is, focus ring is provided near the periphery of the sample to stagnate gas flow. However, there is another disad- 
vantage in that reaction products attach onto the bank which becomes a particle producing source to decrease the 
product yield. 

On the other hand, in order to control energy of ions incident to the sample, an RF bias of sinusoidal wave is applied 
to an electrode mounting the sample. The frequency of the RF bias used is several hundreds kHz to 13.56 MHz. How- 

45 ever, the energy distribution of incident ions becomes of a double peak type which has two peaks, one is in a lower 
energy region and the other is in a higher energy region because the ions follow to change in electric field inside sheath 
when the RF bias having a frequency within this frequency band. The ions in the higher energy range can process at 
high speed but damage the sample, and the ions in the lower energy range can process without damages but at low 
speed. That is, there is a disadvantage in that the processing speed is decreased when it is tried to prevent damage of 

so the sample, and the problem of damage arises when the processing speed is tried to be increased. On the other hand, 
when the frequency of the RF bias is set to a value higher than, for example, 50 MHz, the distribution of incident energy 
becomes of a single peak type. However, most part of the energy is used in plasma generation and consequently the 
voltage applied to the sheath is substantially decreased. Therefore, there is a disadvantage in that it is difficult to control 
the energy of the incident ions independently to the plasma density. 

55 Further, in the pulse bias power source method described in Japanese Patent Application Laid-Open No.62- 
280378 or Japanese Patent Application Laid-Open No. 6-61 182, there is no discussion on a case where a dielectric 
layer for electrostatic attracti n is used between a sample table electrode and a sample and a puis bias is applied to 
th sampl . Wh n the pulse bias method is directly applied to the electrostatic attracting method, an ion acceleration 
voltage applied between a plasma and the surface of the sample is decreased by the increase of the voltage generated 
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USPS 320.982. there is a disadvantage in that an '^^"J* an unnecessary plasma is generated near the 
plasmaitseH or tower when the frequency £"£^£2£tt f ^ are not effective* aerated 
^eath in the vicinity of the sample by the b«s ^^^^ « ion energy by the bias power source, 
and the distribution of *e plasmas also degraded to J"^^^ - t is important to property oonhol an 
Furthermore, in plasma processing ,» "J * ™ ^fpast. a gas to be formed into ions and radiate « 
amount of ions, an amount of rad^als and tends ^^^^ewoduced at a time by generating a plasma ,n*e 
fZuced into a process chamber and the ions ^^^^^ rt becomes dear that there is a limt m 

^Lr in regard to an example of ut.hz.ng cyclotron """T^J^ a votegetoall over a sample surface 
sourcerapplySavo.tagetoasarnp.etab.eard 

==F~r~=2=- 

SUMMARY OF THE INVENTION 

sively progressed. riasma processing apparatus and a plasma processmg 

surface of a large diameter sample. Droce ssinq apparatus and a plasma processing 

Astilltortherobjectofthepresent^^ 
^ capable of controlling the 9eneraton cf ^ apparatus comprising a vacuum P^'^T " 

The present invention is charactenzed by a P^mapr^ s ^ ^ a sample mountmg surface for 
ber. a pbsma generating means inc.ud.ng ^^'^^^ber. and a evacuating means for evacuating 
mounting a sample to be processed wadethe vaaiumrxocessing c ^rce for applying a h gh 

„ pressing chamber, which further comp nsesa *gh '^^^ J^rodes. and a magnetic heW 
freqiKincy electric power of a VHF ter ^?^.^^ gi^^^^^^a^eticfieW in a direction intersecting an e,ec ^ 
foxing means for forming a state magnetic field or * ^J"™* ^ h frequency electric power source; thereinan 

so chamber^ plasma generating ^"^^^tSgTone Ze electrodes, and a evacuatng m^ns tor 
essed inside the vacuum pr(>cessing^chamb^ard electric power source tor apply- 

evacuating the vacuum processing ^"-^^Z™^ pair of electrodes; and a magnetc field form- 
^anelectricpowerof a ™^«™?"* X °™^W^^^ not weaker than 17 gausses and not 
ing means for forming a static ^ C ^J^^^^^ between the pair of electrodes and the 

■ 2ngerthan72o^inaa^^^ 

vicinity bythe high •W^^*^^ J sur face of the sarrple table beexxres rr^™m « 

wh re a component of the magneto field " a ^^^J, mtfdfc of the both electrodes; an etectr ncyclo- 

brougmtoaposttonin^^^ 

tron resonance region being formed between me w 
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ber.asamp^eforn^^ 

ing means including a high frequency elertnc ^^^^acting force; and a pulse bias applying means for 
Shokfingmesamp. onto* sampl *»££^££m source applying a high frequ ncy voltage 
applying apulse bias voltag ^^^^^^^J^BitoO.StoA.O Pa 
So MHz to 500 MHz. th vacuum ^^^^^^L ^atus comprising a vacuum processing 

Thepreserrt inventions' 
charter a sample table tor mounting a ^ich further comprises an electronic attract^ 

ing capacity of the electrostatic attracting means. processing comprising the steps of placing a 

* ^e present invention is also characterized pressing charter; holding thesam- 

sample on one of a pair of electrodes opposrte to each ^f^^TZ^Qas into an environment in which the 
„ pronto the electrode by an electrostatic f^J^^S^ SSto of 0.5 Pa to 4.0 Pa; forming *e 
sample is placed; evacuating ^^Z ^oZtX^^ frequency electric power of 10 MHz to 500 
etching gas into a p4asma under the V^"^™"^^^ to the one of electrodes. 
MHz etching the sarrple by the plasma; and applying a ' P"£e Duas vo g comprising the steps of placing a 

CreLt invention <^ ra «^^^^ by an electrostatic 

«aO» SiN. BPSGorthelike. in the sample tang PjW^H^ Lolying a putee*haped bias voltage having a 
Wording to another characteristic of the P^^i^ns a dielectric layer for electrostatic 
proper characteristic, to a sample ^J^ZZt^^^t^e and stabfy perform required Hn. pattern 
attracting, it is possible to appropnately a ^^^^ an aerostatic attracting means for hoU.ng a sample 
processing. IHat is. the plasma processing apparatus c^'ses ^ connected to the sample table 

X^X-e taHe by an +^<£2gXZ «- -Hage having a period of 0.2 to 
and for applying a pulse bias voltage to ^^'™^, e ^ through a capacity element. 
2 us and a duty in the positive direction less than on ™'°!~~7 reaar d to a vo rtage suppressing means for sup- 
^^cordinVto a further character^, the presert J^^oSiponia to an electrostatic attracting 
pressing change in a vottage generated ^^^^'^g means isdesigned so that vottage change due 
capacity of the electrostatic attracting mea ^;°^i^^ one cycle of pulse is suppressed to one- 

SSTtectrostatic attracting film of the el V Sess oTan electrostatic chuck film made of 
haH of the pulse bias voltage. In detail, rt can to ^ enpfoying a material having a ^ specjic 

a dielectric materia, provided - ^^^oy atld of suppressing increase of voltage applied to the 
dielectric coefficient Further. rt « al =^™^^ of ^ e p U , S e has voltage. _ 

^pres^inven^s^^ 

ber a sample table for mounting a sample to ^^^^^S^ti sarrple onto the sample table by 
^ means which further comprises an ^^^^^tiaTvotege to the sample; a radical supplying 
a^ectrostatic attracts force; a bta ^ aSd tor supplying a required ar^nttf 

means having a means decomposing a 9^^^^^^ a gas for generating ions to the ^vacuum 

ro<s-™p=^ 

cMrn^.asarrp.etaWeformou^ngasarrp.^ ^ ^ m electrostatic attractng 

erating means including a high ** U ^^' C 

mearlfor holding the sample onto ^^^^SS^^^^^ 1 ^ 9 ^^' 
applying a pulse bias votege to the sampl^ a rad^g^ 

SgraLdsintoaplas^ vacuum processing chamber 
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applying a high frequency voltage of 10 MHz to 500 MHz, the vacuum processing chamber b ing depressurized to 0.5 
t 4.0 Pa. 

According to another characteristic of the present invention, by controlling th amounts and the qualities of ions and 
radicals independently and applying a pulse bias voltage having an appropriate characteristic to a sample table having 
5 an electrostatic attracting means with a di lectric layer for electrostatic attracting, it is possible t properly control tem- 
perature of a sample and to stably perform required fine pattern processing. 

Further, it is possible to improve the selectivity of plasma processing with a stable and better control condition by 
controlling the amounts and the qualities of ions and radicals independently and by obtaining a narrow ion energy dis- 
tribution. 

to Furthermore, the amounts and the qualities of ions and radicals are independently controlled and a voltage sup- 
pressing means, which suppresses change in a voltage corresponding to an electrostatic attracting capacity of the elec- 
trostatic attracting means generated by applying the pulse bias voltage, is designed so that voltage change due to an 
electrostatic attracting film of the electrostatic attracting means during one cycle of pulse is suppressed to one-half of 
the pulse bias vohage. In detail, it can be attained by thinning a thickness of an electrostatic chuck film made of a die- 
ts lectric material provided on the surface of the lower electrode, or by employing a material having a large specific dielec- 
tric coefficient. Further, it is also possible to employ, a method of suppressing increase of voltage applied to the both 
ends of the dielectric layer by shortening the period of the pulse bias voltage. 

According to a further characteristic of the present invention, since the amounts and the qualities of ions and radi- 
cals are independently controlled and a pulse bias voltage having a pulse width of 250 V to 1 000 V and a duty ratio of 
20 0.05 to 0.4 is applied to the one of electrodes during etching , it is possible to increase the plasma processing selectivity 
of the base material to an insulator film, such as Si0 2 , SiN, BPSG or the like, can be improved. 

Further according to a characteristic of the present invention, the amounts and the qualities of ions and radicals are 
independently controlled, a high frequency electric power source for generating a plasma of a high frequency voltage 
of 10 MHz to 500 MHz is used, and gas pressure in the processing chamber is set to a low pressure of 0.5 Pa to 4.0 
25 Pa. Thereby, it is possible to obtain a stable plasma. Further, by using such a high frequency voltage, the plasma is well 
ionized and the control of selectivity during processing a sample is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 FIG. 1 is a vertical cross-sectional view showing an embodiment of a plasma etching apparatus of two-electrode 
type in accordance with the present invention. 

FIG. 2 is a graph showing an example of change in plasma density when the frequency of a high frequency electric 
power source for generating a plasma is changed under a condition where a magnetic field for producing cyclotron res- 
onance of electrons is applied. 

35 FIG. 3 is a graph showing energy gains k of electrons obtained from a high frequency electric field under conditions 
with and without cyclotron resonance. 

FIG. 4 is a graph showing the relationship between intensity of a magnetic field and an ion acceleration voltage Vfx 
induced in a sample, deviation A V of an induced voltage in the sample when an upper electrode of a magnetron dis- 
charge electrode is grounded and a lower electrode is applied with a magnetic field B and a high frequency electric 

40 power. 

FIG. 5 is a graph showing a magnetic field characteristic of the plasma etching apparatus of FIG. 1. 
FIG. 6 is a graph explaining an ECR region of the plasma etching apparatus of FIG. 1 . 

FIG. 7 is a chart showing an example of a preferable output wave-form used in a pulse bias electric power source 
in accordance with the present invention. 
45 FIG. 8 is charts showing electric potential wave-form on a sample surface and probability distribution of ion energy 
when T 0 is varied while a pulse duty ratio {J^fT Q ) is being kept constant 

FIG. 9 is charts showing electric potential wave-form on a sample surface and probability Distribution of ion energy 
when T 0 is varied while a pulse duty ratio is being kept constant 

FIG. 10 is a graph showing the relationship between pulse OFF period (T r T 0 ) and maximum voltage V CM during 
so one cycle of a voltage induced between both ends of an electrostatic attracting film. 

FIG. 1 1 is a graph showing the relationship between pulse duty ratio and (Vpc/Vp). 

FIG. 12 is a graph showing energy dependence of silicon etching rate ESi and oxide film etching rate ESi0 2 when 
chlorine gas of 5 mTorr is formed in a plasma 

FIG. 13 is a graph showing ion energy distributions of oxide film etching rate ESi0 2 and silicon etching rates ESi 
55 as an example of etching of a oxide film when CF4 gas of 5 mTorr is formed in a plasma. 

FIG. 14 is a vertical cross-sectional view showing another embodiment of a plasma etching apparatus of two-elec- 
trode typ in accordance with the present invention. 

FIG. 1 5 is a vertical cross-sectional view showing a further mbodiment of a plasma etching apparatus of two-elec- 
trode type in accordance with the present invention. 
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BO ,.,..„»—»..iW->« «d^--^-«-i^f«" rt - 0,F,ai& 

ance with the present invention. HiE trih..ii 0 n charact ristic of th plasma etching apparatus of FIG. 1 8. 

ns^™^"' 01 a pte ™ '' s,,e, ' , " n ' *** ^ """ " 

tive electric power. embodiment of a plasma etching apparatus of induction cou- 

^G cross-secfiona. view showing a further embodiment of a plasma etch*g apparatus ,n accord- 

trode type in accordance with the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Errixxiimerrfsofmepr^ 

Referring to FIG. 1 . a processing chamber 10 ^" 15 a 40 is mounted. Distance of a 

of an upper electrode 12 and a lower electrode l^CfcJ-etajj in order to suppress pressure difference 

gap between the both electrodes 12. 1 5 .s ^^^^^0 mm or larger than 300 mm. fn order to 
on ttesarrple within 10%when the s^^^ 

decrease amounts of fluorine atoms. ^ ul ^ miction product on the surfaces of the upper and 
ably, not larger than 60 mm from the J^nga frequency energy is connected to 

the lower electrodes. A high frequency ^Pcwer ^Z£Z£gg , £ jntficates a high frequency electnc 
th upper electrod 12 through a ^rnatohm ,box162. J^^T^Tthe ground th r fe connected a fift r 165 which 
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ancet the frequency coo^errto. thehigh frequency empower source 1 6. Th reference character 13 indues 

on the sample table. . f ^y irnn carbon or SiC is provided on the bottom 

An upper electrode cover 30 of a f bonne removngplate ^«^£SmE «34 having a gas diffusion plate 
surface S^he upper electrode 1 2. Further, there • ^^^^^Te^^e^e is supplied to 
32 for diffusing gas * a desired dstrroutoa^^ 

the processing chamber 1 0 from a gas ^ cover 30. And outer chamber 1 1 

37 has gaps for evacuation. mnn Mr fWri formina means 200 which forms a magnetic field 

Above the upper electrode 12, there « ported la SSJaSpamM to the surface of the sam- 

intersecting with an electric f ield E formed between *j£^JZ££^££ and an insulator member 
P'e 40. The magnetic field J-ng mea^ ^^ 2 °l^c3S,r such as aluminum, an aluminum 
203. A material for constructing the upper electrode 12 is * ™""™9 „ 0MmgMc material such as aluminum. 
a,,oyorthe,fce.An*ter«,for^ 

an aluminum alloy, aluminum ox.de. ^^^^ r ^T A 201B so as to form a magnetic field B of which 
structure having a nearly E-shaped cross "^^^^^^^^ 10 toward the upper electrode 12 

SSrSSSS r^rSdtrrn«^ = * * « ^es to 110 gausses, 
preferably, 17gaus*es to 72 gj^^ 

(MH rte two electrodes 12. 1 5 in the present may have ~ ^^^3S^^ 

exarr^e. a requirement of plasma t^^S^S^n the bo«h electrodes 

tially in parallel to each other. In such a two-electrode ^•^" l ^™'^ onance ^ ^ comparatively easily 

can be easily made uniform and accordingly ; generat.cn erf ^^^T^^m a , rightangle. 

made uniform by improving the uniformity of the ^a^^^^^SLatic chu?k 20. That k. the 

ss Thek^erelecfrodelSrrixintir^ electrode 15B 

lower electrode 15 is composed of a f.rst tower ^^^J"J^^^L dielectric layer 22 (hereinafter 
arrayed in theinnersidethrough an insurer rr*n*^^ 

referred to as an electrostatic attracting f ..njjs .^Tecfrodes through coils 24A. 24B for cut- 

trodes. A direct current source 23 rs connected to the f.rst and ^^er ^coes ^ second 
« ting high frequency component to apply a ^^^^^^T^o^tZ electrode 15 by 
lower electrode 15B is charged in posrhve. ^^J^^^^^X^ * e electrostatic attracting film 
a Coulomb force acting ^eenthe^e 40 and ^^SSSS!m»> as aluminum oxide, titanium 

45 age is used. . . . - nn an nmo r,tude of 20 V to 1 000 V is connected 

^moughtheelec*^^ 
so such as a single-pole type or an n-pde type (n £ 3) ^ js on ^ lower electrode 15 in 

When etching is performed, the sample 40 **"^ to J^^ a gas required for etching 

the processing chamber 1 0 and attracted by SSlJi" ^ irtrodudn9 

the sample 40 is supplied to the processing chamber 10 frorr ^ ^ "JOT^ ctepressurized so 
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A material used for the upper electrode cover 30 is caroon. sucu material, 
r moves components of fluorine and/or oxygen to improve ^^^^^^^^ generating high 

Inorderfoirrprovether^^^ 
frequency electric power source 16 haying a h.gh fre «"^ B ^ "™ ™ 16 « connected to the 

region, to the present invention, the plasma ^^f^^J^pT^Pa and a plasma density of 

Further. using a VHP voltage rt » ^^^S^ «* *e static magnetic fieW or the low 

high frequency electric power source 16. and by the interaction ™ ™ preferably 17 gausses 

fluency (lower than 1 kHz) magnetic Ml having an "rtjjr-jr^l^^ 15 
to72 gausses, cyctotron resonance of ^™«J™^^^Z^^Ta h^equency electric power 
FIG. 2 shows an example * ^"J^ 

SSKP^aW^ -Id - « case ..out 

magnetic field. /^Hpr comoared to that in the microwave ECR when the frequency 

The plasma density is lower by one order to two wder compared i tt ,vm generation of unneces- 

is in the range of 50MHz * f s 200MHz. Further. in the VHF band 

sary fluorine atoms, molecules and ions * leased by one orderor^- * "JJTLSsf above 5x10™ cm" 3 in 
and cyclotron resonance, a plasma having 0.4 Pa to 4.0 Pa. Fur- 

progressed comparedtottertina^^ ^ ^ be e|jmj . 

MHz. the disadvantage of small increase in the ^^ ^^^^^ and wa,, surface of the cham- 

SLn^ough Jup^thefluorine^th W^™^^^^^^ above 300 MHz. 
When the frequency of the hjh frequency *'^ c ^SSon o £ proceing gas becomes 

base material is largely degraded. frpnupncv electric field under conditions with and 

« ^S^anene^^ 

"sTe^"^ B e =2„f.(nve) be e, * and e, are 

expressed as the following equations. 

e 0 =(e 2 E 2 /2m){v/(«> 2 + v 2 )} (Equation 1) 

e , =(e 2 E 2 v/4mH1/(v 2 +(o»-«>c) 2 )+1/(v 2 +(<w-«>c) 2 ) 

of lectron and f is charged frequ ncy. 

k=(1/2) (a> 2 +v 2 ) {1/(v 2 +(a)-<oC) 2 )+1/(v 2 +(«H-a)C) 2 } 
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tf^vhcM nfrecuency.coisexc^ngangu.arfrequ " ^ThighT F.G Stearesult 

-ng^vatuekb^ 
obtained using arg«, gas .nwh.* 150 «h redtoinaca se without magneticfield. TTie (qrcto- 
of the pnxessing gas is processed evenurrferatowp^ 

tronresonanc effect is rapidly decreased und r a cond-Uon of frequency is lower than 30 MHz, 

20 MHz. tt can be understood from th* » ^"^^^ cydotrl resonance effect is sma... 

theresuttissrrallindme^^ 

to4Pa. » «nBrj»ssarv to set the value k to several tens or larger. It 

In order to attain effective cyclotron resonance f^'^^^/cSon resonance effect without exces- 
can be understood from FIG. 2 and FIG. 3 that ,n order tc , effect** Pa to 4 Pa and to use a 
sively progress dissociation of me gas, «t« required to se ^ ^s^enerX high frequency electric power. 
VHF of 30 MHz to 300 MHz. preferably. 50 MHz tc 1 200 Ml* ion a^eration voltage Vqc induced in 
FIG. 4 shows the relationship between intensity of a ™g^*<* W^uwwb disc narge elec- 

a sample, deviation AV of an electric power. As the 

trode is grounded and a lower electrode .s applied "* ■ ""^^^ JJy £ Lorentz force action on alec- 

^canbeu.erstoc.fromF™ 
n^r^e^^ 

the si of upper electrode from the middle 2l tTorTnate indicates magnetic field, 

fromthesairplesiirfar^melow^ 
FIG.5showsanexam*ec^ 

between the electrodes of 50 mm. in which an ECR regmn is ^V.^ „, field parallel to the lower 

As described above, in the present ^^^^^.^f'^^Scde surface or in the side of 
electrode 1 5 (the sarrp.e mounting surface) »^^Z^J5Z£S> intensity of the magnetic 
the upper electrode from the "^JJ^J^JS £2?JL than 30 gausses, preferably, smaller 
field parallel to the sample on the lower electrode ^ e ' s ^ ^ |ower ^ode surface to a small value. 

in thesame.evelfromthe.ower electrode ! 5 <» e ^™2^ untormly. However, the 

as shown in FIG. 6. Therefor* ^^^-^Z NgfSrom the sample mounting surtac^ 
ECR region in the central porton of the samplers torraJi ^^laraer than 30 mm. tons and radicals are diffused 
4s Since the distance between the ECR region and ft. sample ^ e ,S l ^ 9 ™^ ssjng ^ order to plasma- 

and averaged in the gap. Therefore, there is no pmbtem ^^^^2- m a position of the same level 
processing an over the sample unrtormly. it »f^^*^^S^S^ of *** cloSer 

50 *Td^™in»e^ rt crf»e^^ 

to 300 MHz form the plasma generating high frequency electric pw«s«j Dlasma 

even when gas 

processing. r m einrp the olasma is confined in the vicinity of the sam- 

tions outside the discharge confining ring 37 is minimized. 
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A material used for the discharge confining ring 37 is a semiconductor material or a conductor material such as car- 
bon, silicon or SiC When the discharge confining ring 37 is connected to a high frequency electric power source to 
cause sputtering by ions, it is possibi to decrease attaching of deposits t the ring 37 and also to remove fluorine. 
Since fluorine can be r moved by providing a susceptive cover 39 made of carbon, silicon or a material containing 

5 carbon or silicon on th insulator memb r 13 near the sample wh nan insulator film such as SiOg is plasma-processed 
using a gas containing fluorine, the selectivity can be improved. In this cas , when th thickness of th insulator mem- 
ber 13 in a portion under the susceptive cover 39 is thinned to 0.5 mm to 5 mm, the effect described above can be pro- 
moted by the sputtering effect by ions. 

Further, an electrostatic attracting circuit is formed through the lower electrode 15 (15A, 15B) and the sample 40 

7a interposing the electrostatic attracting film 22 of dielectric material. In this state, the sample 40 is held and maintained 
onto the lower electrode 15 by an electrostatic force. Into the back side surface of the sample 40 hefcf by the electro- 
static attracting force, a heat transfer gas such as helium, nitrogen, argon or the like is supplied. The heat transfer gas 
is filled between the back side surface of the sample 40 and the lower electrode 1 5, and the heat transfer gas is set to 
a pressure of several hundreds pascals to several thousands pascals. It is considered that the electrostatic attracting 

is force is nearly zero between the denting portions existing gaps and acts only the projecting portions of the lower elec- 
trode 15. However, as described later, since it is possible to set an attracting force large enough to withstanding the 
pressure of the heat transfer gas by properly setting a voltage of the direct current electric power source 23, the sample 
40 cannot be moved or blown off by the heat transfer gas. 

The electrostatic attracting film 22 acts to decrease the bias function of pulse bias to ions in the plasma. The func- 

20 tion exists in a conventional method biasing using a sinusoidal electric power source, but the problem does not clearly 
appear. However, the problem becomes clear in the pulse bias method since the characteristic of pulse bias method of 
narrow ion energy width is lost. 

The present invention is characterized by that a voltage suppressing means is provided in order to suppress the 
increase of the voltage difference generated between the both ends of the electrostatic attracting film 22 accompanied 

25 by application of the pulse bias to increase the pulse bias effect. 

As an example of the voltage suppressing means, it is preferable that the voltage change (V CM ) in one cycle of the 
bias voltage generated between the both ends of the electrostatic attracting film accompanied by application of the 
pulse bias is lower than one-half of the voltage (V p ) of the pulse bias. In detail, there is a method to increasing the elec- 
trostatic capacity of the dielectric member by thinning a thickness of the electrostatic attracting film made of a dielectric 

30 material provided on the surface of the lower electrode, or by employing a material having a large specific dielectric 
coefficient. 

Further, as another example of the voltage suppressing means, there is a method to suppress the increase of the 
voltage V CM by shortening the period of the pulse bias voltage. Furthermore, it is also considered that the electrostatic 
attracting circuit and the pulse bias voltage applying circuit are separately arranged in different positions, for example, 
35 another different electrode opposite to the electrode mounting and holding the sample, or a third electrode provided 
separately. 

Description will be made in detail below on the relationship between the voltage change (V CM ) in one cycle of the 
bias voltage generated between the both ends of the electrostatic attracting film and the pulse bias voltage which 
should be brought by the voltage suppressing means in accordance with the present invention, referring to FIG. 7 to 
40 FIG. 13. 

FIG.7 shows an example of a desirable output wave-form used in the pulse bias power source 17 in accordance 
with the present invention. In the figure, pulse amplitude is v p pulse period is T 0 , positive direction pulse width is T t . 

When the wave-form of FIG. 7 (A) is applied to a sample though a blocking capacitor and an electrostatic attracting 
dielectric layer (hereinafter referred to as electrostatic attracting film), the voltage wave-form on the surface of the sam- 
45 pie under a steady-state condition where a plasma is generated by another power source becomes as shown in FIG. 7 
(B). 

Therein, V DC is direct current component voltage of the wave-form, V f is floating potential of the plasma, and V CM 
is maximum voltage during one cycle of the voltage produced between the both ends of the electrostatic attracting film. 
The portion (1) which is positive voltage to V f in FIG. 7 (B) is a portion where only electron current is mainly 
so dragged, the portion which is negative voltage to V, is a portion where ion current is dragged, and the portion V f is a 
portion where electrons and ions are balanced. The voltage V, is generally several volts to several tens volts. 

In the description according to FIG. 7 (A) and thereafter, it is assumed that the capacitance of the blocking capacitor 
and the capacitance of the insulator member near the sample surface are sufficiently larger than the capacitance of the 
electrostatic attracting film (hereinafter referred to as electrostatic attracting capacitance). 
55 The value V CM is expressed by the following equation. 

v oM-tafcH 1 i x <V T iMe r^offlxK) (Equation 2) 

Therein, q is ion current density (averaged valu ) entering into the sample during the period of (T 0 -Ti ), ij is ion cur- 



12 



EP0 793 254A2 



rent density, d is film thickness of the electrostatic attracting films K is electrode cover ratio of the lectrostatic attracting 
film 1), ^ is specific di lectric constant of the electrostatic attracting film, and eq is dielectric constant of vacuum (con- 
stant value). 

FIG. 8 and FIG. 9 show electric potential wave-form on the sample surface and probability distribution of ion energy 
when T 0 is varied whil a pulse duty ratio is being kept constant. Therein, T 01 .To^T^T^T 05 =16:8:45:1 . 

As shown in FIG. 8(1), when th pulse period T 0 is too large, the electric potential on th sample surface is larg ly 
deformed from a rectangular wave-form and becomes a triangular wave-form. The distribution of ion energy becomes 
constant from a low ion energy region to a high ion energy region, as shown in FIG. 9, which is not preferable. 

As shown in FIG. 8 (2) to (5), as the pulse period T 0 is decreased to small, the value (V CM /Vp) becomes smaller 
than 1 (one), and the ion energy distribution is also narrowed. 

In FIG. 8 and FIG. 9, T 0 = T 01 , T^, T 03 , T^ corresponds to(V CM /v p ) = 1, 0.63, 0.31, 0.16. 0.08 . 

Next FIG. 10 shows the relationship between pulse OFF period {T r T 0 ) and maximum voltage V CM during one 
cycle of a voltage induced between both ends of the electrostatic attracting film. 

The solid bold line (line for reference condition) in FIG. 10 shows change of the value V CM in a plasma having a 
medium density of ion current density i i =5nWcm 2 when about 50 % area of the electrode (K=0.5)is flattened to touch 
to tie back side of the sample 40, and is covered with aluminum oxide containing titanium oxide ( e^l 0) with a thickness 
of 0.3 mm. 

It can be understood from FIG. 10 that as the pulse OFF period (T r T 0 ) is increased, the voltage V CM induced 
between the both ends of the electrostatic attracting film is increased proportional to the period and becomes higher 
than the pulse voyage v p generally used. 

For example, in a plasma etching apparatus, the pulse voltage v p is generally limited as follows in connection to 
occurrence of damage, selectivity to base materia) and/or a mask, a shape and so on. 

For gate etching: 20 voHs*v p *100 volts 

For metal etching: 50 volts^Vp^200 volts 

For oxide film etching: 250 vohs^v p ^1000 volts 

When it is tried to satisfy the condition (V CM /Vp) ^ 0.5, to be described later, in the reference condition, the limit in 
the pulse OFF period (T r T 0 ) becomes as follows. 

For gate etching: (Ti-T 0 ) s 0.15 |is 
For metal etching: (T r T 0 ) ^ 0.35 jis 
For oxide film etching: OVTq) ^ 1 .2 jis 

When T 0 approaches to 0.1 (is, unnecessary plasma is generated and the bias electric source is not effectively 
used for ion acceleration since the impedance of the ion sheath approaches to or becomes lower than the impedance 
of the plasma. Thereby, controllability of ion energy by the bias electric power source is degraded. Therefore, it is 
desired that the period T 0 is larger than 0.1 jis, preferably, larger than 0.2 >is. 

In a gate etching apparatus in which v p can be suppressed low, it is necessary to employ a material having a spe- 
cific dielectric constant as high as 10 to 100 for the electrostatic attracting film, for example, dielectric constant e T of 
Ta 2 0 3 is 25; to decrease the film thickness, for example, to a thickness of 10 jim to 400 Jim, preferably, to a thickness 
of 10 jim to 100 jim without reducing the insulating withstanding voltage. 

In FIG. 10, there are also shown the values of V CM when electrostatic capacitance per unit area is increased by 2.5 
times, 5 times and 10 times. Even if an electrostatic attracting film is improved, it is thought that the electrostatic capac- 
itance c can be is increased by several times at maximum in the present situation. Assuming V CM ^ 300 volts, c = 10cq. 
the following relation can be obtained. 

0.1 fts^OYT,)^ 10fis. 

A portion effective for plasma processing by ion acceleration is the portion (Jq-T^ ), and therefore it is preferable that 
the pulse duty (T/Tq) is as sma1 ' as possible. 

FIG. 1 1 shows (V DG /Vp) which means an efficiency of plasma processing with taking time average into considera- 
tion. It is preferable to makef^/To) small and (V DC /v p ) large. 

Assuming (V DC /v p ) s 0.5 as an efficiency of plasma processing and taking a condition to be described later 
(VcxAp) - 0 -5. the pulse duty becomes (T^fT 0 ) ^ approximately 0.4. 

The pulse duty (Tj/Tq) is effective for ion energy control when it is small. However, when it is unnecessarily small, 
a pulse width T 1 becomes as small as 0.05 us and consequently the pulse bias contains several tens MHz frequ ncy 
components. As a result, it becomes difficult to separate from the plasma generating high frequency component which 
is to be described later. As shown in FIG. 1 1 , sine decrease of (V DC /v p ) in the range of 0^fJi^"o)-0 05 is small, no 
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problem occurs when CT^q) is set to a value above 0.05. 

As an example of gate etching, FIG. 12 shows an energy dependence of silicon etching rate ESjand ox.de fOm 
etcfi^q^e^, wheVchlorine gas of 10 mTorr is formed in a plasma. The silicon etching rat ES. becomes a con- 
sTZueinaicltn nergy rej a In a region of ion energy above approximately 10 V. ESi increases as the -on 
Jem^eases W.e crther hand, the etching rat ESiOa for the oxide film of the base material .s ^zero when the .on 
S^^'than nearly 20 V. and wh nthei n energy exceeds nearly 20 V. the etching rate ES.0, .ncrease as 

^ t IZi^Er^ energy is below nearly 20 V. there is a region where the select^ to the base materia. 
ESi/E^O^BCome^^ O n '' n rty)- When the ion energy is above nearly 20 V, the selectivity ESi/ESi02 to the base mate- 
rial rapidly decreases as the ion energy is increased. ^^w.j^wmc Fin 1^ 

Z J example of etching of an oxWe f am (SiO, BPSG. H.SO. TEOS ^^^^^^"^.^ " 
shows ion enenjy distributions of oxide film etching rate ESiO z and silicon etchmg rates ES. when C 4 F 8 gas of 1.0 Pa 

iS fo T^f o^JTet'ching rate ESi0 2 becomes negative and deposits are produced when the ion energy is low. The 
xide^im Th 1 rS?ElU steeply increases at the ion energy of nearly 400 V. and after then gradual* increase* 
O the etching rat* ESi for silicon to be used as the base materia, is etched from nega^ch^ng) 
TvSSSSSi at an ion energy higher than the ion energy where ESQ* is switched from negate to poatrve. and 

^SZSSZL**, m to the base materia, becomes - ^ 
switched from negative to positive, and in the ion energy above the swrtch.ng point the select™* EStfE&O* steeply 

^fre^u^^^^^ 

by adjusTng the bias electric power source with taking the values of ESi. ESiG 2 . EStfBX*. and the magrtfude of the 
ex p<!s!^ 

^^The ctararterfetic shown in FIG. 12andF.G. 13 is a characteristic for a case where the ion energy distribution is 
.imit^n^f^ge^ce an etching rate for a case where the ion energy distribution spreads in a wrierange.s 

"^ding to an experiment, when the value was smaller than about 0£ . deviafcx, ■ - tan 

smaller than nearly ± 15%. and a high selectivity higher than 30 was atta.ned wrth the charactenstc of FIG. 2 and HCL 

TFurflJr as far as (V^ ^ S. the selectivity was improved compared to a conventona. s-nusoKia. wave b«s 

""^described above, as the vottage suppressing means for suppressing the voltage change (VcM^one cyde^ 
the tfLvrtage genera ed between the both ends of the electrostatic attracting film, rt rs preferable that the voltage 
SlSTcSS K than one-hatf of the vottage of the pulse bias. In deteil. there is a ^ to deaeasng a 
Sess die electrostatic chuck film 22 made of a dielectric material provided on the surfaced the to^er electrode 
IS^emXn^Serial having a large specific dielectric coefficient. Further, there is a method to suppress the 

age to 0 1 ps to 10 ps. preferably. 0.2 ps to 5 us (corresponding to repeating frequency of 0.2 MHz to 5 MHz) so that 

the rx^ ends of the electrostatic^^ HISO 
An embodiment of using the va<»iimrxc<^ngchantor^^ BPSG, TEOS, HISO 

% Axrf?oTS)% O 2 of0to5%andboof 10to20%.Theplasma generating high frequency elecfr.cpwer source 
*6 ^ ^higheVfrequency. for example 40 MHz. compared to a conventional one to stable d.scharge under a 

'^Sd^n^tTprocessing gas ta progressed exceeding the necessary amount by us*g t^h fre- 
auencv the plasma generating high frequency power source 16. the output of the high frequency power source 16 s 
C^SSSX* modulation carolled using a high, frequency electric power modulating s,gna so*ce 161^ 
; ^theTevelishigh ions are generated more than generation of radicals, and when the level is low, radicals are 9® r *" 
e^^ttng^erat^ 

TS^Z (Ttr! ^ 'owlev Itimetorthelev Imodulat n) used is 10 to 200 ps. a period used . 20 to 250 us. By doing 
so it is Dossible to avoid unnecessary dissociation and to attain a desired ion-radical ratio. 

aSSSSu of the plasma generating hfcjh frequency power source fe general* longer than the period of 



14 



EP0793 254 A2 

thepulsebias.Therefore.themodulatingperiodoftheplasmagen rating high frequency power sourc 'ssettoavalu 
ofintegertimesofth period of the puis biastooptimiz th phase between them. By do.ng so. th selectrvrty can be 

T^J*, oth r hand, ion energy is controlled so that ions in the plasma are accel rated and vertically irradiated onto 
th samplebyapplyingapulsebasvoltage. By using an electric power source having, for example, a pulse b^aspenod 
T oTo65 us. apute width Tl of 0.15 us and a pulse amplitude V p of 800 V as th putee b,as power source 1* rt is 
possible to perform a plasma processing having a better characteristic in which the width of .on energy distribution ,s ± 
15% and the selectivity to the base material is 20 to 50. „ rocorr , .^^^ 

Anther embodiment of a plasma etching apparatus of two-electrode type in accordance with the present .rwerton 
will be described below, referring to FIG. 14. Although this embodiment has a similar construct™ as shown by Fia 1 
^different point of this embodiment from F.G. 1 is that the lower electrode 15 raiding the sample 40 has at angle pole 
type electrostatic chuck 20. An electrostatic attracting dielectric layer 22 is provided on the upper surface of the lower 
etectrode 15. and the positive side of the direct current source 23 is connected to the lower electrode 15 through a coj 
24 for cutting high frequency component Further, the pulse Was electric power source 17 fwsu,^ 
bias voltage of 20 V to 1000 V is also connected to the lower electrode through a blocking capacitor 19. 

Discharge confining rings 37A. 37B are provided in the periphery of the processing chamber 10 to -ncreasea 
plasma density and to minimize attaching of unnecessary deposits onto the outside portons of *e. d ^'f 
Sngs 37A. 37B. In the discharge confining rings 37A. 37B of FIG. 14. a diameter of the bank portion of the discharge 
confining ring 37A in the lower electrode side is formed smaller than a dfameter of the bank portion of the dscharge 
fining ring 37B in the upper electrode side so that distribution of reaction products around the sample .s made un- 

^A material used for the discharge confining rings37A. 37B. at least for the side facing the prc^esar^ chamb^side 
is a semiconductor or a conductor such as carbon, silicon or SC. Further, a bias electric power source 1 7A of 100 kHz 
to 13 56 MHz for the discharge confining ring is connected to the ring 37A in the tower electrode side through a capac- 
LSand the ring 37Binihe upper electrode side is conned so that a part ^ 

power source 16 is applied to the ring 37B in the upper electrode sWe.Thereoy.attoching of deposits onto the rings 
37A 37B due to sputtering effect of ions is decreased and fluorine removing effect is provided. 

Ttie reference characters 13A, 13C of FIG. 14 are insulator members made of aluminum ox.de or the l.ke, and the 
reference character 1 3B is an insulator member having a conductor such as ^glassy cartojv S. lorthe lite 

When the conductivity of the rings 37A, 37B is low. conductors made of a metal are embedded insde the rings! 37A. 
37B and distance between the surface of the ring and the embedded conductor is madesmaH. Thereby, thehighfre- 
quency electric power easily radiated from the surfaces of the rings 3^ 37Btod ^^ r ^ OT , d * e ^^; 

vile upper electrode cover 30 isfixed to the upper electrode 12 generally only ,n the peripheral portion of tt,e cover 
with bolts 250. A gas is supplied to the upper electrode cover 30 from the gas supply unit 36 through *e Sasintroduang 
chamber 34, the gas diffusion plate 32 and the upper electrode 12. The holes provided in the upper *^ 
have a very small diameter of 0.3 to 1 mm to make occurrence of abnormal discharge in the hole drfhcult Thegas pres- 
sure in the upper portion of the upper electrode cover 30 is a fraction of one atmospheric pressure to ° n ^<* <™| 
atmospheric^essure. For example, a force nearly 100 kg acts on the upper electrode cover 30 ^'^«meterof 
.argertoan 300 mm as a whole. Therefore, the upper electrode cover 30 is deformed .n a convex shape to theupper 
electrode 12 and accordingly there produced a gap having several hundreds micro-meters near the central portion 

In that case, when the frequency of the high frequency electric power source 16 is increased up to ^appr^mately 
more than 30 MHz, resistance in the lateral direction of the upper electrode cover 30 cannot be "eglectedand parhcu- 
farly the plasma density near the central portion s decreased, ^enos^e^^.^u^^^^ 
30 fe fixed to the upper electrode 12 in portions near the center side of the upper electrode cover not the penpheral por- 
tton In the embodiment of FIG. 14, theupper electrode cover is fixed to the upper electrode 12 in sev^l portions near 
the central side of the upper electrode cover 30 using bolts 251 made of a semiconductor such as S.C or cartjonor an 
insulator such as aluminum oxide to make distribution of the high frequency field applied from the upper electrode 12 

^Te^od of fixing the upper electrode cover 30 to the upper electrode 12 at least n^e^s^ofthe 
cover is not limited to using the bolts 251 described above, the upper electrode cover 30 may be f rxed ^e upper elec- 
trode 12 using a substance having adhesiveness all over the surface or at least near the center stde of the upper elec- 

tr0d !nTra' 14 the sample 40 to be processed is mounted on the lower electrode 15 and attracted by thermostatic 
chuck 20 that is by a Coulomb force produced between the both ends of the electrostatic attracting f dm 22 by posrtive 

charge by the direct current electric power source 23 and negative charge supplied from the plasma. 

The operation of this apparatus is the same as that of the two-electrode type plasma etch.ng a^atusshown .n 
FIG. 1 . When etching is performed, th sample 40 of an object to be processed is mounted nth^ ^^ctrodelS 
and attracted by an lectrostatic force. Whil a processing gas is being supplied to the process.ng chamber 10 from the 
g^ supplying unH 36. on the other ha^ 
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A further errtjodrr^ aceorfrfl to t»e iwesertnwe^^ 

of the sample 40. The core 201 .^^ p f_ su ^ e d ^ accurately, cyclotron resonance effect of 

In order to plasma-processing all over the surface a ™^ y j f ^ ^ 

electrons is large in the perpheral portion or *e ff^^^J^^X^^^ portion of the sample 
eration of plasma becornes large in the penpheralp^ 
than in the certer of the sampte. However -ntheerr^^ 
the sample and the plasma density near the center of ttesample J^ 1 ^ ^ 20t of the 

in the embodiment of FIG. 15. the magnetic f eld the ECR region is formed in a 

magneScfie* forming means 2£^^^^ 
25 la«Positionfranthesamp.e^r^ 

30 ^sh^bydash-a^lines^^ 

intensity is further improved. inu^on will be described below, referring to FIG. 18 and 

as Astfllfurthererrtxxiimerrtinac^ 
F.G.19.Ar*oughtr,ise,^ime^ 

in FIG. 15, a different point of th.s embodiment ^ „ Ta in a portion corresponding to 

The core 201 of the magnetic field form.ng means 200 has a Jfposition of fte processing chamber, 
the center of the processing chamber and ateo ^^^^^^^^ in the inclined direction. As a 
By operation of the concave surface edge 201 A ^^^^J^^i Si intensity in the direction par- 
result distribution of the magnetic field is varied and the (xjmponent magneDc , 
aSothe -P.esurfcc.is.or^ to FIG. 20. 

A further embodiment in accordance wrth ^'^J^^"^\eOrode type construction shown in FIG. 
Although this embodiment is similar to the plasma etching apparatus <rf ^'^^V forming means 200. The 
iTa different point of this embodiment from FIG. 15 is with a core 

coe 201 of the magnetic field forming means 200 isof ^^^S. The core 205 is rotated 
205 arranged in a posrton ^^^TJ^ £££ ^Z^ZlSZr 203. Bysuchaconstruc- 
arcundaaHspassingthrou^^^^^^ 

tion. as the same as the i^rtmrt t^ZZSmSL all over the surface of the sample . 
so sample is formed in nearly the same level ^^j*^^™!^ ^ in accor dance with the present inven- 
Asfllfurtherembodimem^ 
tion will be described below, referring to FI021 ^ ™L22- JJ™S«ha chamber and a rotating magnetic field is 
has two pairs of coils 21 0. 220 in the arcumferenta. ^^^^^^^^ma^m. 
forrned by successively swH^ 
55 (2>.<3).<4).Theposit^^^ 

X^T^^^ a.ustedbyap^pri- 
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by carolling a M p, ane in the centra, portion of the processing chamber 

mounting surface of the sample table can be improved. F R te reduced 

200 Further instead of the arc-shaped coil 210' the magnetic field forming means 200 may be employs a conv* tool 

ssssas: . 

nee 
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15 



20 



25 



30 



^^^^^^^^^^^^ 

is decreased as the frequence electfc ^3~^SSlE!l ^^esSS^ onto the discharge 
increased. In order to avoid ill effects such as attaching of d^^o^^lsottne^ »^ electrode cover 30, 
confining ring 37 and to effectively perform a function erf '"^^l"™™^^ electrodes is set to 
the susceptive cover 39 and the resist in to sample * J" ^nTe^ath at the maximum 

a value shorter than 50 mm which^rr^sponds beTeen the electrode is 

gas pressure of 40 mlbrr. On ^^^^^ gas pressure (40 mTorr). 

required to be2to 4 times (4, vm to 8 ™^ e .ecETc power of 20 MHz to 500 MHz, preferably 30 

Therefore, the countermeasure for this problem will bedesaibedbek^ ^ as 

in an ideal rectangular pulse having a pulse width of TV a pulse penoa or i 0 ,. , in - , . Haw/ever 

90% of electric power can be included in ^ e ^^^° COfW0 ^ a ~ m& * e surface of a sample, it 

quency component within a range of «3f 0 where 3f 0 is obtained from Equation 3. 

3f 0 =3-(10 6 A).2)=15MHz.whenT=0.2 us (Equations) 
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3f 0 =30 MHz, when T=0.1 jis 
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pling discharge type can generate a stable plasma witn a iwh it«hu r . ^ e unnecessary rJs- 

When etching is performed, the sampl 40of m ^ M " M,X( ~T™ chamber 10 from the gas 
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25 



appliedt ^^^^^.^^^^^FoTSaSi^lh pulse bias voltag in such a manner, i ns in 

ptate 53 havng a W.^^^J a ™tl0 side of the induction high frequency magnetic field output 
mm to 5 mm may be provided in 1he processing cnarroer u » rcHlirfid ^ .ycvjdina the Faraday shield 

portion. Since the capacitance component between the coil and the plasma 'sreducedby ^ ^ je|d 

objects from mixir^irrto the plasma. ^ ^ 

microwave guide tube, and the reference character « J* rharaeter 47 indicates a first solenoid coil 



omitted here. ^ at, Mar, nhiect to be Drocessed is mounted on the lower electrode 15 and 

When etching is performed, the sample 40 of an _ orocessing chamber 10 from the gas 

35 pressure of the P^^^f^^^^^JJSSoofc 47. 48 are switched on. and microwaves gen- 



50 



55 



19 



EP0793254 A2 



nectedt the i n/radical forming gas supply unit ar provided .nth upper electrod 12. 
The characteristics of this mbodiment are as follows. 

(HAoassuppBedfromthequasi-stabl atom feeing gas supply unit 36 is fc^ 

^ T^n^uenCT elecJic power in the quasi-stable atom forming plasma generat.no, chamber 62. and a 

taTon be controlled by the amount of the quasi^tabte atoms generated ,n the quas.-stable atom 
Tn^p^ Q^tS Jand the amount of ion taming gas from the tantadfel forr.ng gas supply 



unit 60. 



Sincethequantity and thequality of the ionsand radicate can be controlled insuchan^nn^ f^£ZZZ 
can be ateineS even in submiac. plasma processing. ^ 

MeaLo^grSS an ^nizaJleve. which 

T^ISe Quasi-stable atom forming gas or the radical forming gas descrfced above instead of 

^er ao^Dressure of several hundreds mTorr to several tens mTorr to form quasi-stable atoms. 

SntTbrtween the place generating the quasi-stable atoms and the vacuum procesang cternbenn 

theaSra^SS^ 

i volts by the bias electric power source 17. 

SiOz + 2CF Z -*SiF 4 T + 2COT 
Since Si and SiN used as a base material are not etched by CF 2 . it is possible to perform oxide film etching with a 
5 ^££3, the amount of fluorinedue to part*, dissociation of CF 2 is decreased by the upper eledrode cover 30 

^ ^SedlTe^iustingth radial forming gas and the ion forming gas the ratioo, i -rt"*** 

□escnoeu duuvo, uy auju * , . — , ^ ncont lorTf iw thp react on on the surface of the sam- 



As 



the processing 



chambeMO can be independently controlled, and consequently the reaction on the surface 
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4. A plasma processing apparatus comprising a vacuum processing chamber, a plasma generating means including 
a pair of electrodes, and a sample tabl lor mounting a sampl to be processed inside said vacuum processing 
chamber and also serving as one of said electrodes, which further comprises: 

a evacuating means for evacuating said vacuum processing chamber to 0.4 Pa to 4 Pa; 

a high frequency electric pow r source for applying an lectric power of a VHF band from 30 MHz to 300 MHz 

between said pair of electrodes; and 

a magnetic field forming means for forming any one of a static magnetic field and a low frequency magnetic 
field not weaker than 10 gausses and not stronger than 110 gausses in a direction intersecting an electric field 
between said pair of electrodes and in the vicinity; 

said electrodes being composed of a first electrode connected to said high frequency electric power source 
and a second electrode also serving as said sample table connected to a bias electric power source for con- 
trolling ion energy a distance between said pair of electrodes being 30 to 100 mm; 
an electron cyclotron resonance region being formed at a position within a range from the surface of said first 
electrode to the side of said first electrode from the middle of said pair of electrodes by interactions of said 
magnetic field and an electric field produced by said high frequency electric power source. 

5. A plasma processing apparatus according to any one of claims 1 , 2 and 4, wherein 

density and/or direction of said magnetic field formed by said magnetic field forming means are adjusted so 
that said cyclotron resonance effect of electrons becomes larger in a portion within a range from the periphery of 
said sample to the outer side of the periphery than in the center of said sample, thereby the plasma density being 
made uniform in positions corresponding to all over the surface of said sample mounting surface. 

6. A plasma processing apparatus according to claim 4, wherein 

said magnetic field forming means comprises a core which continuously changes distance of said cyclotron 
resonance region to said sample by eccentrically rotating to the center of said sample surface to change said mag- 
netic field. 

7. A plasma processing apparatus comprising a vacuum processing chamber, a plasma generating means including 
a pair of electrodes, a sample table having a sample mounting surface for mounting a sample to be processed 
inside said vacuum processing chamber, and a evacuating means for evacuating said vacuum processing cham- 
ber, which further comprises: 

a high frequency electric power source for applying an electric power of a VHF band from 30 MHz to 300 MHz 
between said pair of electrodes and between a first electrode and a wall portion of said processing chamber, 
said electrodes being composed of said first electrode connected to said high frequency electric power source 
and a second electrode also serving as said sample table and the wall portion of said grounded processing 
chamber arranged in the outer peripheral side of said first electrode; 

a magnetic field forming means for forming any of static magnetic fields and low frequency magnetic fields not 
weaker than 1 0 gausses and not stronger than 110 gausses in such a manner as to cancel each other out near 
the central portion of said processing chamber and superpose each other in the periphery and the outer side 
of said processing chamber; 

an electron cyclotron resonance region being formed at a position within a range from the peripheral portion of 
said sample mounting surface to a portion near the outer side by interaction of said magnetic field and an elec- 
tric field produced by said high frequency electric power source. 

8. A plasma processing apparatus according to claim 7, wherein 

said magnetic field forming means comprises a plurality of coils arranged around said processing chamber 
in such a manner as to cancel each other out near the central portion of said sample and superpose each other in 
the periphery and the outer side of said sample. 

9. A plasma processing apparatus according to claim 4, wherein 

said bias electric power source for controlling ion energy applies a pulse bias having a period of 0.2 to 5 \im 
and a duty at positive direction pulse portion not larger than 0.4 to said sample through a capacitor element. 

10. A plasma processing apparatus according to any one of claims 1 , 2 and 4, which further comprises: 

an electrostatic attracting means for holding said sample nto said sample tabl bay an electrostatic attracting 
force; 
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a puis bias applying means connected to said sam- 

ple table; and 

a voltage suppressing means for suppressing a v Hage rising generated by applying said pulse bias voftag 
corresponding to an lectrostatic attracting capacity of said electrostatic attracting means. 

11 . A plasma processing apparatus according t claim 10, wherein 

said voltage suppressing means is designed so that voltage change due to an electrostatic attracting film of 
said electrostatic attracting means during one cycle of pulse is suppressed to one-half of said pulse bias voltage. 

12. A method of plasma-processing a sample using a plasma processing apparatus comprising a vacuum processing 
chamber, a plasma generating means including a pair of electrodes, a sample table for mounting a sample to be 
processed inside said vacuum processing chamber and also serving as one of said electrodes, and a evacuating 
means lor evacuating said vacuum processing chamber, the method comprising the steps of: 

evacuating inside said vacuum processing chamber by said evacuating means; 

forming any one of a static magnetic field and a low frequency magnetic field not weaker than 10 gausses and 
not stronger than 1 10 gausses in a direction intersecting an electric field between said pair of electrodes by a 
magnetic field forming means; 

forming an electron cyclotron resonance region between said both electrodes by interaction of said magnetic 
field and an electric field generated by a high frequency electric power source by applying an electric power of 
a VHF band from 30 MHz to 300 MHz between said pair of electrodes using said high frequency electric power 
source; and 

processing said sample by a plasma produced by said cyclotron resonance of electrons. 

13. A method of plasma-processing a sample using a plasma processing apparatus comprising a vacuum processing 
chamber, a sample table for mounting the sample to be processed inside said vacuum processing chamber, and a 
plasma generating means including a pair of electrodes, wherein 

said electrodes being composed of a first electrode connected to said high frequency electric power source 
and a second electrode also serving as said sample table connected to a bias electric power source for controlling 
ion energy, a distance between said pair of electrodes being 30 to 100 mm; 

the method comprising the steps of: 

evacuating said vacuum processing chamber to 0.4 Pa to 4 Pa by a evacuating means; 
forming any one of a static magnetic field and a low frequency magnetic field not weaker than 10 gausses and 
not stronger than 110 gausses in a direction intersecting an electric field between said pair of electrodes by a 
magnetic field forming means; 

forming an electron cyclotron resonance region between said both electrodes by interaction of said magnetic 
field and an electric field generated by a high frequency electric power source by applying an electric power of 
a VHF band from 30 MHz to 300 MHz between said pair of electrodes using said high frequency electric power 
source; and 

processing said sample by a plasma produced by said cyclotron resonance of electrons. 

14. A plasma processing apparatus comprising a vacuum processing chamber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a plasma generating means including a high frequency 
electric power source, which further comprises: 

an electrostatic attracting means for holding said sample onto said sample table by an electrostatic attracting 
force; and 

a pulse bias applying means for applying a pulse bias voltage to said sample; 

said high frequency electric power source applying a high frequency voltage of 10 MHz to 500 MHz, said vac- 
uum processing chamber being depressurized to 0 5 to 4.0 Pa. 

1 5. A plasma processing apparatus comprising: 

a pair of electrodes opposite to each other, one of the electrodes mounts a sample; 
a gas introducing means for introducing an etching gas into an environment in which said sample is placed; 
an evacuating means for evacuating and depessurising said nvir nm nt to a pressure condition of 0.5 Pa to 
4.0 Pa; 

a high frequ ncy electric power source for applying a high frequency voltage of 10 MHz to 500 MHz to said pair 
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of opposite electrodes; 

a plasma generating means for forming said etching gas into a plasma under said pressure condition; and a 
pulse bias applying means for applying a pulse bias voltage to said one of the electrodes during etching said 
sample; 

thus an insulator f ilm in said sampl being plasma-processed. 

16. A plasma processing apparatus comprising a vacuum processing chamber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a plasma generating means including a high frequency 
electric power source, which further comprises: 

an electrostatic attracting means for holding said sample onto said sample table by an electrostatic attracting 
force; 

a pulse bias applying means connected to said sample table and for applying a pulse bias voltage to said sam- 
ple; and 

a voltage suppressing means for suppressing a voltage rising generated by applying said pulse bias voltage 
corresponding to an electrostatic attracting capacity of said electrostatic attracting means; 
said voltage suppressing means being designed so that voltage change due to an electrostatic attracting f ilm 
of said electrostatic attracting means during one cycle of pulse is suppressed to one-half of said pulse bias volt- 
age. 

17. A plasma processing apparatus comprising: 

a pair of electrodes opposite to each other having a gap between the electrodes of 10 mm to 50 mm; 

an electrostatic attracting means for holding a sample onto one of said electrodes by a electrostatic attracting 

force; 

a gas introducing means for introducing an etching gas into an environment holding said sample; 

an evacuating means for evacuating and deperssurizing said environment to a pressure condition of 0.5 Pa to 

4.0 Pa; 

a plasma generating means for forming said etching gas into a plasma under said pressure condition by a high 
frequency electric power of 10 MHz to 500 MHz; and 

a pulse bias applying means for applying a pulse bias voltage to said one of electrode mounting said sample; 
thus an insulator film ink said sample being plasma-processed. 

18. A plasma processing apparatus according to any one of claims 16 and 17, which further comprises: 

a voltage suppressing means for suppressing a voltage rising generated by applying said pulse bias voltage 
corresponding to an electrostatic attracting capacity of said electrostatic attracting means; 
said voltage suppressing means setting a period of said pulse bias voltage so that voltage change due to an 
electrostatic attracting film of said electrostatic attracting means during one cycle of pulse is suppressed to 
one-half of said pulse bias voltage. 

19. A method of plasma-processing comprising the steps of: 

placing a sample on one of electrodes provided in a vacuum processing chamber; 

holding said sample onto said electrode by an electrostatic attracting force; 

introducing a processing gas into an environment in which said sample is placed; 

evacuating and evacuating said environment to a pressure condition for processing said sample; 

forming said processing gas into a plasma under said pressure condition; 

processing said sample by said plasma; and 

applying a pulse bias voltage to said sample. 

20. A method of plasma processing comprising the steps of: 

placing a sample on one of a pair of electrodes opposite to each other having a gap of 10 mm to 50 mm; 
holding said placed sample onto said electrode by an electrostatic attracting force; 
introducing a processing gas into an environment in which said sample is placed; 
evacuating said envir nment to a pressur condition of 0.5 Pa to 4.0 Pa; 

forming said processing gas into a plasma under said pressure condition by applying a high frequ ncy electric 
power of 10 MHz to 500 MHz; 
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etching said sample by said plasma; and 

applying a pulse bias voltage to said one of electrodes during etching; 
thereby, an insulat r film in said sample being plasma-processed. 

21 . A method of plasma processing comprising the steps of: 

placing a sample on one of electrodes provided in a vacuum processing chamber; 

holding said sample onto said electrode by an electrostatic attracting force; 

introducing an etching gas into an environment in which said sample is placed; 

evacuating and evacuating said environment to a pressure condition for processing said sample; 

forming said etching gas into a plasma under said pressure condition; 

etching said sample by said plasma; and 

applying a pulse bias voltage to said sample; 

suppressing voltage change due to an electrostatic attracting film of said electrostatic attracting means during 
one cycle of pulse to one-half of said pulse bias voltage during applying said pulse bias voltage. 

22. A method of plasma processing comprising the steps of: 

placing a sample on one of electrodes opposite to each other; 

holding said placed sample onto said electrode by an electrostatic attracting force; 

introducing an etching gas into an environment in which said sample is placed; 

forming said etching gas into a plasma; 

etching said sample by said plasma; and 

applying a pulse bias voltage having a pulse width of 250 V to 1 000 V and a duty ratio of 0.05 to 0.4 to said one 
of electrodes during etching; 

thereby an insulator film in said sample being plasma-processed. 

23. A plasma processing apparatus comprising a vacuum processing chamber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a plasma generating means, which further comprises: 

an electrostatic attracting means for holding said sample onto said sample table by an electrostatic attracting 
force; 

a bias applying means for applying a bias voltage to said sample; 

a radical supplying means having a means decomposing a gas for generating radicals in advance and for sup- 
plying a required amount of the radicals to said vacuum processing chamber ; 
a means for supplying a gas for generating ions to said vacuum processing chamber; and 
a plasma generating means for generating a plasma in said vacuum processing chamber; 
wherein Si0 2 being used as said sample. 

24. A plasma processing apparatus comprising a vacuum processing chamber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a plasma generating means, which further comprises: 

an electrostatic attracting means for holding said sample onto said sample table by an electrostatic attracting 
force; 

a pulse bias applying means for applying a pulse bias voltage to said sample; 

a radical generating plasma supplying means for forming a gas for generating radicals into a plasma in 
advance and for supplying a required amount of the radicals to said vacuum processing chamber; and 
said plasma generating means for supplying a gas for generating ions to said vacuum processing chamber and 
for generating a plasma in said vacuum processing chamber; 
wherein Si0 2 being used as said sample. 

25. A plasma processing apparatus comprising a vacuum processing chamber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a plasma generating means including a high frequency 
electric power source, which further comprises: 

an electrostatic attracting means for holding said sample onto said sample table by an electrostatic attracting 
force; 

a pulse bias applying means for applying a pulse bias voftag to said sample; 

a radical generating plasma supplying means for forming a gas for generating radicals into a plasma in 
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advance and for supplying a required amount of the radicals to said vacuum processing chamber; and 

said plasma generating means for supplying a gas for generating ions to said vacuum processing chamber and 

for generating a plasma in said vacuum processing chamber; 

wherein said high frequency electric power source applying a high frequency voltage of 10 MHz to 500 
MHz, said vacuum processing chamb r being depressurized to 0.5 1 4.0 Pa. 

26. A plasma processing apparatus comprising a vacuum processing chamber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a plasma generating means, which further comprises: 

an electrostatic attracting means for holding said sample onto said sample table by an electrostatic attracting 
force; 

a radical generating plasma supplying means for forming a gas for generating radicals into a plasma in 
advance and for supplying a required amount of the radicals to said vacuum processing chamber; 
said plasma generating means for supplying a gas for generating ions to said vacuum processing chamber and 
generating a plasma; 

a pulse bias applying means connected to said sample table and for applying a pulse bias voltage to said sam- 
ple table; and 

a voltage suppressing means for suppressing a voltage rising generated by applying said pulse bias voltage 
corresponding to an electrostatic attracting capacity of said electrostatic attracting means. 

27. A plasma processing apparatus comprising a vacuum processing chamber, a sample table for mounting a sample 
to be processed in said vacuum processing chamber, and a plasma generating means, which further comprises: 

an electrostatic attracting means including an electrostatic attracting film provided in said sample table and for 
holding said sample onto said sample table by an electrostatic attracting force; 

a radical generating plasma supplying means for forming a gas for generating radicals into a plasma in 
advance and for supplying a required amount of the radicals to said vacuum processing chamber; 
said plasma generating means for supplying a gas for generating ions to said vacuum processing chamber and 
generating a plasma; 

a pulse bias applying means connected to said sample table and for applying a pulse bias voltage to said sam- 
ple table; and 

a voltage suppressing means for suppressing a voltage generated between the both ends of said electrostatic 
attracting film as said pulse bias voltage is applied; 

wherein said voltage suppressing means suppressing a voltage of the electrostatic attracting film of said 
electrostatic attracting means to a voltage not higher than one-half of said pulse bias voltage. 

28. A method of plasma-processing comprising the steps of: 

placing a sample on one of a pair of electrodes opposite to each other; 

holding said placed sample onto said electrode by an electrostatic attracting force; 

forming a gas for generating radicals into a plasma in advance and supplying a required amount of the radicals 
into an environment in which said sample is placed and held; 
supplying a gas for generating ions to said environment; 

evacuating and evacuating said environment to a pressure condition of 0.5 Pa to 4.0 Pa; 

forming said supplied gas for generating ions into a plasma under said pressure condition by applying a high 

frequency electric power of 10 MHz to 500 MHz to said opposite electrodes; 

etching said sample by said plasma; and 

applying a pulse bias voltage to said one of electrodes during etching; 
wherein Si0 2 being used as said sample. 

29. A method of plasma-processing comprising the steps of: 

placing a sample on one of electrodes provided in a vacuum processing chamber; 
holding said sample onto said electrode by an electrostatic attracting force; 

forming a gas for generating radicals into a plasma in advance and supplying a required amount of the radicals 
into an environment in which said sample is placed and held; 
supplying a gas for generating ions to said environm rrt; 

forming said supplied gas for gen rating tons into a plasma under said pressure condition by applying a high 
frequency electric power of 30 MHz to 100 MHz to said opposite electrodes; 
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processing said sample by said plasma; and 
applying a pulse bias voltage to said sample; 
wherein Si0 2 being used as said sample. 

30. A method of plasma-processing comprising the steps of: 

placing a sample on one of electrodes provided in a vacuum processing chamber; 
holding said sample onto said electrode by an electrostatic attracting force; 

forming a gas for generating radicals into a plasma in advance and supplying a required amount of the radicals 
into an environment in which said sample is placed and held; 
supplying a gas for generating ions to said environment; 

evacuating and evacuating said environment to a pressure of processing said sample; 
forming said supplied gas for generating ions into a plasma under said pressure concfition; 
processing said sample by said plasma; and 
applying a pulse bias voltage to said sample; 

wherein a voltage of said electrostatic attracting means being set to a vottage not higher than one-half 
of said pulse bias vottage. 

31 . A method of plasma-processing comprising the steps of: 

placing a sample on one of electrodes opposite to each other provided in a vacuum processing chamber; 
holding said sample onto said electrode by an electrostatic attracting force; 

forming a gas for generating radicals into a plasma in advance and supplying a required amount of the radicals 
into an environment in which said sample is placed and held; 
supplying a gas for generating ions to said environment; 

evacuating and depressurerizing said environment to a pressure of 0.5 Pa to 4.0 Pa; 

forming said supplied gas for generating ions into a plasma under said pressure condition by applying a high 

frequency electric power of 30 MHz to 100 MHz to said opposite electrodes; 

processing said sample by said plasma; and 

applying a pulse bias voltage to said sample. 
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FIG. 5 
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FIG. 7(A) 
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FIG. 9 



111 

> 
HI 
> 



UJ 



T05- 



CD 
< 
CD 

s 

0. 



T01 



T02 



T03 



ION ENERGY ( RELATIVE VALUE ) 



36 



EP0 793 254 A2 



FIG. 10 
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FIG. 35 




54 



EP 0793 254 A2 



FIG. 36 




EP0 793 254 A2 




56 



EP 0793 254 A2 
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